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facilities, and general information. The system was developed using a three-tier
architecture consisting of a user interface (React.js), a Backend-for-Frontend server
(Node.js), and an AI/ML service (Flask). A Natural Language Processing approach
was applied by leveraging the pre-trained IndoBERT model to transform user
questions into vector embeddings, and Cosine Similarity was then used to measure
the semantic similarity between a user's query and an FAQ-formatted knowledge
base. Black box testing showed that the chatbot was able to return accurate and
relevant answers at any time, including for varied sentence structures and questions
containing typographical errors, confirming that the semantic retrieval mechanism
functioned effectively. The resulting chatbot provides an innovative digital solution
that makes information about the pesantren accessible around the clock, supporting
digital transformation in pesantren-based education.
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INTRODUCTION

Information technology is developing rapidly in this digital era, bringing significant changes to
various sectors, including education. Digitalization does not only involve improving infrastructure,
networks, and software, but also opens opportunities for educational institutions to provide services and
information that are accessible at any time, not only during conventional working hours (Maharani &
Wardhana, 2024). One form of this transformation is the application of artificial intelligence (Al)-based
technology to support round-the-clock access to information.

Pondok Pesantren Modern Al-lkhlas Putri is an educational institution that combines religious
knowledge with general knowledge, and consequently receives a large volume of information requests
from students, teachers, prospective students' parents, and the general public regarding its activities,
curriculum, facilities, and admission procedures. In practice, most of these questions can currently only
be answered directly by pesantren staff, who are available solely during limited office hours; questions
submitted outside these hours, for example at night, on holidays, or when staff are occupied with other
duties, often go unanswered or must wait until the next working day. The pesantren's website has so far
provided static content such as blog posts and a glossary of terms, but this content cannot respond
interactively to a user's specific question, so it does not resolve the underlying problem of the
unavailability of an information service around the clock. A similar limitation was reported by Hikmah
et al. (2022), who found that a campus information service unable to operate 24 hours a day created a
significant obstacle for users seeking quick answers, and addressed the problem by developing a chatbot
as a virtual assistant. Building on this insight, a technology-based solution is needed that can provide
continuous, interactive access to information without depending on staff availability.
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One innovation that can be applied to address this problem is the development of a chatbot
based on Natural Language Processing (NLP) that functions as an automated information-service
assistant, available at any time, to answer various questions regarding the pesantren's activities,
curriculum, facilities, and general information. This study utilizes the IndoBERT model, chosen for its
superior ability to understand the context of the Indonesian language (Pramana & Romadhony, 2024),
to transform question text into vector representations (embeddings) that are then measured for similarity
using the Cosine Similarity method to find the most appropriate answer from the pesantren's knowledge
base. The system was built using a modern architecture that separates Flask as the backend for NLP
model inference, Node.js as the Backend-for-Frontend (BFF), and React.js as an interactive and
responsive user interface (Khan et al., 2021), in line with the pesantren's efforts to adopt technology to
support the digital transformation of pesantren-based education (Umar et al., 2023).

Previous studies have shown various approaches to developing information-service chatbots.
Fahadra (2023) developed a final-project information-service chatbot using the Long Short-Term
Memory (LSTM) method and achieved an accuracy of 94.41%; however, LSTM-based approaches
have limitations in understanding complex sentence context compared with more modern Transformer-
based architectures. Hikmah et al. (2022) implemented a chatbot based on Term Frequency-Inverse
Document Frequency (TF-IDF) and Cosine Similarity to overcome the same 24-hour service limitation
at a university, achieving an accuracy of 85.7%, but this approach focuses only on keyword matching,
making it prone to failure when a user's question does not contain keywords identical to those in the
database. Ibadurrahman et al. (2025) applied fine-tuning of the BERT model for intent classification in
a dental-clinic chatbot with an accuracy of 86%, while Wintoro et al. (2022) reported an accuracy of
99% for an LSTM-based academic information chatbot. In the broader field of natural language
processing, Rizgiyah (2024) showed that data-augmentation techniques can improve the performance
of a Transformer-based classification model (XLMR) up to an accuracy of 74.37% on a sentiment-
analysis task.

Unlike these previous studies, this research uses IndoBERT, a Transformer model specifically
trained on a large-scale Indonesian-language corpus, making it superior in understanding nuances and
terms specific to the pesantren domain compared with general-purpose LSTM or BERT models. This
study also combines this approach with a three-tier architecture that separates the user interface,
intermediary server, and Al model service, and utilizes an embedding-extraction strategy without fine-
tuning, making it more efficient to apply in domains with limited data. Based on the above, this study
aims to design and build an NLP-based information service chatbot using the IndoBERT model and the
Cosine Similarity method, integrate it into a reliable and scalable three-tier architecture, and evaluate
the system's functionality through black box testing. The contribution of this study is to provide an
innovative digital solution that makes information about the pesantren accessible to students, teachers,
and the general public at any time, thereby overcoming the limitation of an information service that was
previously available only during working hours, while also supporting digital transformation in
pesantren-based educational environments.

RESEARCH METHODS

This study is applied research aimed at producing a software product in the form of an NLP-
based information service chatbot, with a case study at Pondok Pesantren Modern Al-lkhlas Putri,
located in Ciomas Village, Ciawigebang District, Kuningan Regency, West Java. The object of the
research is the need for round-the-clock information access among students, teachers, and the general
public regarding the pesantren's activities, curriculum, facilities, admission procedures, and general
terminology. The research workflow is divided into two main stages: an offline development stage
focused on data and model preparation, and an online system development stage focused on building
the application architecture and real-time inference, as illustrated in Figure 1.
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Picture 1 Research Methodology Flow Diagram
The chatbot's knowledge data was obtained through direct interviews with the management of

Pondok Pesantren Modern Al-lkhlas Putri to collect frequently asked questions (FAQS) that users
typically need answered at any time, covering activities, curriculum, facilities, admission procedures,
specific terminology, and other general information about the pesantren. The raw data from the
interviews was then structured into a question-and-answer format and stored as a knowledge base
(fag.json). In the data-preparation stage, each question in the database was converted into a vector
representation (embedding) using the pre-trained IndoBERT model (indobenchmark/indobert-base-p1)
without a fine-tuning process, and the result was stored in a binary file (fag_embeddings.npy) so that
the answer-search process at runtime would not need to recompute embeddings for the entire database
every time a new question was received.

The system was designed using a three-tier architecture consisting of three components. First,
the Frontend layer was built using React.js and is responsible for the user interface in the form of an
interactive chatbot modal that can be activated via an icon on the pesantren's website. Second, the
Backend-for-Frontend (BFF) layer was built using Node.js and functions as an intermediary server that
forwards requests from the Frontend to the Al service while also preventing direct client access to the
model, thereby improving system security. Third, the Backend AlI/ML layer was built using the Flask
(Python) micro-framework, which exposes an endpoint (/get_answer) to receive question text, generate
embeddings using the INndoBERT model, calculate the Cosine Similarity between the user's question
embedding and all question embeddings in the database, and then return the answer with the highest
similarity score if it exceeds a certain threshold. The interaction between these three layers is shown in
Figure 2, which illustrates the flow of a request from the user until the answer is displayed back on the
interface.

Antarmuka ServerBFF
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Picture 2 Sequence Diagram of Inter-Layer System Interaction
System evaluation was carried out using the Black Box Testing method, namely testing the
system’s functionality from the user's point of view without examining the internal code structure. The
test scenarios were designed to cover relevant questions, questions with varied sentence structures,
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questions irrelevant to the pesantren domain, empty input, and questions containing typographical errors
(typos), in order to assess whether the semantic-similarity-based search mechanism could consistently
find the correct answer, in line with the functional and non-functional requirements formulated during
the requirements-analysis stage.

RESULTS AND DISCUSSION
The information service chatbot was successfully implemented in accordance with the three-
tier architecture design described in the Research Methods section. The implementation environment
used in this study is presented in Table 1, which lists the software versions for each system layer,
ranging from the Python environment and model-processing libraries at the Backend AI/ML layer to
the interface framework at the Frontend layer
Table 1 Software Implementation Environment

Software Version
Python 3.12.3
React.js 18.2.0
Tailwind CSS 3.4.116
Node.js (LTS) 18.20.8
TensorFlow 2.19.0
Transformers (Hugging Face)  4.51.3
Flask 3.1.0

Functional testing was carried out using the Black Box Testing method with five scenarios
representing input variations that the system might realistically receive under actual, round-the-clock
use, as summarized in Table 2. The data in Table 2 show that the system was not tested using raw data;
rather, each input was first processed through the embedding and Cosine Similarity computation stages
before an answer was displayed to the user.

Table 2 Black Box Testing Results of the Information Service Chatbot
No Test Scenario Example User Input Result
1 Relevant question “Apa saja fasilitas yang As expected
tersedia?” (“What facilities
are available?”)

2 Question with varied “Fasilitas yang ditawarkan As expected
sentence structure pondok apa saja?” (“What
facilities does the pesantren
offer?”)
3 Irrelevant question “Siapa nama presiden ke-8 As expected
Indonesia?” (“Who was the (default
8th president of Indonesia?”’) message
displayed)
4 Empty input Send button pressed without As expected
typing anything (request not
sent)
5 Question with a “fsilitsa pondok yang As expected
typographical error tersedia?” (typo of “fasilitas
(typo) pondok yang tersedia?”)

The test results in Table 2 show that the chatbot was able to find appropriate answers for
relevant questions (scenario 1) as well as for questions with varied sentence structures (scenario 2) that
were lexically different from the questions in the database but carried the same meaning. This
demonstrates that the IndoBERT embedding and Cosine Similarity approach is able to capture semantic
similarity rather than mere keyword matching, as in the TF-IDF approach reported by Hikmah et al.
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(2022), who noted that TF-IDF-based systems tend to fail to find answers when a user's question does
not contain keywords identical to those in the database.

In scenario 3, the system successfully recognized a question outside the pesantren domain and
displayed a default message, indicating that the similarity-threshold mechanism functioned as intended,
so the chatbot did not provide a misleading answer when there was no adequate match in the database.
In scenario 4, empty-input validation on the interface side prevented an empty request from being sent
to the server, indicating that the non-functional requirement related to usability had been met. A finding
that specifically supports the advantage of the embedding-based approach is shown in scenario 5, in
which the chatbot was still able to find the correct answer even though the user's question contained a
typographical error. This capability is consistent with the characteristics of contextual vector
representations in Transformer models such as IndoBERT (Vaswani et al., 2017; Wilie et al., 2020),
which map sentence meaning into a high-dimensional vector space so that small variations on the text
surface do not always significantly change the vector's position, unlike purely lexical-matching
approaches, which are far more vulnerable to typographical errors.

Compared with previous studies that reported quantitative accuracy, such as an LSTM-based
chatbot with an accuracy of 94.41% (Fahadra, 2023) and a BERT-based chatbot with an accuracy of
86% in the dental-clinic domain (Ibadurrahman et al., 2025), this study did not include a quantitative
accuracy measurement, since the testing performed was qualitative in nature through a limited set of
Black Box Testing scenarios. This is a limitation of the study that should be addressed in future work
through testing with a larger sample of questions and quantitative evaluation metrics such as accuracy,
precision, recall, or F1-score, so that the system's performance can be compared more rigorously with
similar studies. Nevertheless, from an architectural standpoint, separating the system into three
independent layers (React.js, Node.js, and Flask) proved to simplify management and further
development, since updating the knowledge base only requires updating the fag.json file and re-running
the embedding-generation process, without needing to modify the interface or intermediary-server
components, in line with the separation-of-concerns principle recommended in modern service
architectures (Cahn, 2017). More importantly, because the chatbot runs as an automated service that
does not depend on staff availability, it is able to answer user questions at any time, including outside
office hours, on holidays, or at night, thereby directly addressing the round-the-clock information access
problem that motivated this study.

CONCLUSION

This study successfully designed and built an NLP-based information service chatbot for
Pondok Pesantren Modern Al-lkhlas Putri, using the IndoBERT model to generate question embeddings
and the Cosine Similarity method to measure semantic similarity, implemented on a three-tier
architecture consisting of React.js as the user interface, Node.js as the Backend-for-Frontend, and Flask
as the Al model service. The Black Box Testing results show that the system was able to consistently
find relevant answers at any time, both for questions matching the database and for questions with
varied sentence structures or typographical errors, while questions outside the pesantren domain were
handled appropriately through the similarity-threshold mechanism. By operating without dependence
on staff availability, the resulting system directly overcomes the pesantren's original problem of not
having an information service accessible outside limited office hours, providing an innovative digital
solution that makes information quickly and continuously accessible to students, teachers, and the
general public while supporting digital transformation in pesantren-based educational environments,
although further evaluation using quantitative accuracy metrics on a larger sample is still needed to
measure the system's performance more comprehensively.
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